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Abstract 



PROBLEM TO BE SOLVED: To provide a charging rate estimating device for a secondary battery 
capable of accurately estimating the charging rate SOC. 

SOLUTION: In this charging rate estimating device for a secondary battery, adaptive a digital filter 
operation is performed by a battery model of continuous time series showing In the formula (formula 1 ) 
to estimate parameters collectively corresponding to an open circuit voltage VO as offset clause in the 
formula (formula 1) and A(s), B(s) as transient clause. The relationship among the current ^ the terminal 
votege V and open circuit voltage V0 of the secondary battery is approximated by the transfer function 
shoving in the formula (formula 1). and the clause of the open circuit voltage V0 is regarded as an offset 
clause, whereby the adaptive digital filter of the least square method or the like can be applied. As a 
result, the parameters in the formula (formula 1) can be estimated collectively. Atthough these 
parameters are influenced by the charging rate SOC, temperature and degree of deterioration to be 
S estimation can be sequentially performed by the adaptive digital filter wrth good accuracy. v=B 
(s)/A(s).l+1/A(s)V0 ... (formula 1) wherein, s is Laplace operator, and A(s) and B(s) are polynommai 
function of s. 
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wzms%mmm<W}m*-m*> (»i s > 5tr« 



ajffi) -<»i8) 

«3Sffiv 0 (k- 1 ) 
v 0 A ini=V 0 <k-l) 



±E <S 1 8 ) S*t<75 J: 3 ^gP«£«t«^fi 
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[00 59 3 *f-*7'SA4 0'C<i. TS«oJ:dfc, * 

I.A(k) i:»^$ff2£$MBAV_A(k) £3Bfc-T*. 
Al_A(k)=I_A(k)-I_A_i ni 
AV_A(k)=V_A(k)-V_A_i n i 
^•r-i'7-SA4 2t-«. fflKSEE&m^aAl.lOSlSg 
«Stfl|XjfJt*:a^*>£, ?g85i§iHEAl_A(k) TfJS 

5A) T*»*uar, %&.mtwtnx^&izpm <ye 

S)di*S. Al_A(k> fejjfigffi <Wg 

^*^Ufcfc<0fcTOLTX^?TSA4 4'\jE*,. 
•t<OteCO»& (NO) J±X-f--y7"SA5 0'V3fttt. £ 

?tC#j£LT<>J:v\ Af-/rs A44-Ct*s B8 

s&«e«^*sai Komzm'smtKt vx. im 

75^FSHU.A=lkf5 (JRSSSKE) . 

[0 0 60] ^.f-^rsAsoT-a, *ESSI$HIAI_ 
A(k) fcSg^SBEHtteAVJKk) fc, ,MXKs* 

*>T«at£$MSAI.A(k) tlS^«BEIIiMAV_A 
(k) fc-f£. ^-r-yrSAeOt'fi. WSnfVtfW 
OVflZ. AI.A(k) i$£tfAVA(k) 
T> USE (8U 3 ) ^5:SJ¥r&. «5iE!£«-flSfc 

^S-^TOt^fetoTifc*. 
u(k)"AI.A(k), y.A(k)-AV.A(k) 
<?T (k) = {-a t (k). b 0 (k), bj (k), -c 
i (k)> 

w T <k) = {y(k-l). u(k). u(k-l). r(k- 
1)> 

r(k-i)t±(s:i4)^cs:as^. 

[00613 ^vrSA7 0T(i, (3S12-1) 

(»12-2)^ (WH4)tt®&tZ. *-r 
-/rSA80ffi, (&1 5)5K£»3¥U Tia^^p 
AV 0 A(k ) . Rj + R 2 , Ri ■ C ! , AV_ 

A(k)s*46s. **fu Av c .A(k) &m%&im 
mt^vm&'zm&.mn&ikji)-^ Av_A<k) ii» 

AV 0 _A(k) — c, (k) • r<k-l)/<l+a 
i (k)> 

R, +R 2 =NAIBU_A(k)={b 0 (k) + b 
! (k»/<l + a 1 (k)> 

Ri • Ci =JITEI_A(k) = -T 0 /I n{-a, 
<k)) 

AV_A(k)=-a, (k-1) • y(k-l) + b 0 <k- 
1) • u<k)+b t (k-1) • u(k-l)-c, (k- 



1) • r(k-l) 

Xr-'/TS A 9 OTlt. X. o fc. P3»®St^«| 
V 0 _A(k) fc3g?^E!SSg@V_A<k) Zn\ftth. 
-?*0. ^T^rSASOt^ffiLfcAVo A(k) tt 

*»4>. *it£.m&®BiimmVo A_i n i SranSLLT 

BSHH£ESt£gv 0 _A(k) srsaj-r*, av_ 

A(k) im&TJUIV XJUmimfrbtOl&FSBicVg 

{t-»x-s>&fr$>. ztitztiff&Etijmmv Ami* 

jD&LT4ilTi6B88ifflV.A(k) SSifiirS. 
V 0 _A(k)=AV 0 _A(k)+V 0 _A_i n i 
V_A(k)-AV_A(k)+V_A_ i n i 

#lt. Bsss^ffltis^sAi i o^mm&tm-r 

[00623 E121i> m&SEim^&B 1 2<07O 

jfisixs. s«iT B (m»aro*c) teas 

■srjssjg^-e»i. mie (jsi 2-1 ) s:. w 

12-2)5^ (8113)3*. (»14)5$, (ftl 

5) *<7)mBX'®mtiti2>±x<r>?m.i:m.i±* mwr 

l5JflKt35*75^F I N I.B»*&»Jtt!gJ±l-C<S!>3, 
[00633 ^Ti-rSBlom «S&fcliS3M&15 

x-^aiu^«a[i_B(k> t % «T«ESiai#Ki 6-c 
^asLfeJs^ssv_B(k) ts-gywit*. ^vT-S 
B2orw, WMi&-x??7'£&*.->xmnLzmii 

(i?) 0%&li;Vry7-SB3 0>saity. FINI_B 
= 0 (^) «0*S-»iX7 1 -/7"SB4 0N«Etf. ^t'» 
7*SB3 0T«i, =6flfflfl^S:ffd. *J»Ml 
*ffili.»flaS (®tl 7 ) ^ClSSUXffllE-f 

;w (ftjer/i^yXAfctwd) c^a^ft&^w jrs 

^^fcfeltSSiMSIflE I _B. i n i fc . 4g*«BE 
*MMIVB. init. SKSE«fiV 0 _B_i n 1 

sstasu XT^rsB4 0Aatf. 

[00643 mcm&mim^iza^^mm i 

_B. i n i fc» «^5EE8«ffl®VB init. Sf5« 

na i bu (k- 1 ) i±$$i<7>ftffimBm®x'*>z. 
i$g®itimv&3ii i _b = o ?2>tia. m^s^amm. 

I_B_i n i = I_B(k) 
V_B_i n i=V_B(k) 

V 0 B_i ni=V_B(k)-NAIBU(k-l)XI_ 
B(k) 

FINI_B=0 
FSHU.B=0 



r 
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cert*, ig&fsopa&majg^sco +-c*a*BB» 
mnmmtwK wis) xximtz. 

[0065]*i3. 6aB«EE*J»HSfc LX, TsSO Jt ? 
V 0 .B_ini=V 0 <k-l) 

_B(k> fc4sr«KiyMaAv_B(k) fcsas-r*. 

Al_B(k) = I_B(k)-I_B_ini 
AV B(k)=V_B(k)-V B_i n i 
Xr *7S B 4 ffi»£Ett&£KB 1 2 

<t#JK3i Lfc**S*»£ . ^sSS^JHSA I _B (k ) T'fjSt 
t S. -54 0. iiffi£4KE*ra#±$$:J9r5gffi (Wife? 
5 A) X't>hJt£. fi^S«iRmUXV^i:WBftti*§. 
Lft^oT. AI.B(k) SKfitS <0«£{*, JRJRL 
JttfdBSf (YES) L-X^.r">'7-SB4 4-^aS^, -to 
ffil0>*&-£-<NO> fctx-r-yT'SBSO-'V&tf. IR 

B120j£jgffi#JD3gLK:fcl.T, iDJSK7?^FSHU 
_B= 1 ^fvrSBSOtll ^SStgjiHA 

I_B(k) t^lfflE^SAV.B(k) fc. 

S#>t«S!£i£#ffiAl_B<k) fcSg^^BEgSHlAV. 
B(k) fcf*. 

[0 0 6 7] Wy7SB6 0m 2WB ; f> f ^7^ 
/^tts AI_B<k) SiVAVB(k) &\J]LX* 

~*<7>im&6:&QbLx\,->&t>x'. t&im&mttfivttz 

u(k) =AI_B(k) > y_B(k)=AV_B(k) 
6» T (k) = (-a 1 (k), b 0 (k). bj (k). -c 
i (k)> 

oiT (k) = {y(k-l). u(k), u(k-l) r r(k- 
1)1 

r < k - 1 ) li (ftl 4 ) . 
[00 68] X-r'yrSB7 0-C*li. (#12-1) 
5*. (&12-2):*, {j&14)^SS3. XrvT* 
SB8 0Tli, (»1 5) s&fcfH. fctfU AV 0 _ 
B<k) (iJt^JJBS4SKJ*^^raS&mfflSS<iOK^ 

AV_B(k> imzm$fmittim>ti>0>i® : F% 
m/^.m.<rmcstx'ibh. 

AV 0 _B<k) — Cj (k) • r(k-l)/<l+a 
, (k» 



Ri +R 2 =NAIBU B(k) = [b 0 (k) + b 
, (k))/<l+a, (k)j 

R, = J ITE_B(k>— T 0 /I n{-a 
i <k)> 

AV_B(k) = -a t (k-l> • y(k-l)+b 0 (k- 
1) • u(k) + b t (k-1) • u(k-l)- c , (k- 
1) • r(k-l) 

xt7/sB9otit tewj^ic vmw&t&m 
v 0 _B(k) tssr«ffli«<iv_B(k) tscffi-rs. 

-54 0. X^rSB8 0TgtfjL*:AV 0 B(k) ti 
TOT** »J XA^J&^fecoBSS^E^fk^Tfcl. 

-eatRissEtnjfflffiVo _b_i n i itas.Lr 
s»sffltiifiv 0 .B(k) Hsanr*. a*, AV. 

B<k ) {±|SU£T/Pd'i;XABSSfi^*»4><?)aS^SEO^ 
fcftX'bZfrti. **l.G38*SEE«Bgjev B IniS 
WSL.T«^«EE«^«EV.B(k ) SJMfrf *. 
V 0 _B(k)«AVo_B(k)+V 0 _B_ia i 
V_B(k)=AV.B(k)+V_B_ i n f 
Xr 77*S B10 QX-it. &tHl0^ta^£5R«g£i& 
*LT > g§8fr©B&fe#aB 1 2<7*H«!<7>S8?*«T$- 

C0069] ei 3»a, iJse09«=tDjia^#ai 3c« 
tue^SA 1 1 tsKiEEi^^®B 1 2t<onnffm 

JUfflT B J: 0/hS^ffit'*>«.. El 3te£vvt 

^SB 1 2 Sr^^B fc^LTV^. 
[0070] Xf *rSCl Oftis El 0«1BJl&ffiK 

taamai 7T#asL,fc^iKagrr(k) ^se^att. 

(k) tcffi-?wc?r3. -JStOCNTlNKk) SsiDrSg 

ffi mm i o^) o^a, tuawb^stwwfux 

X-r-/?'SC3 0'sifitf. -?-OfS<0^&»iC 2 S'vji 
tf. Ttr^fL. WMH1CNTINI (k) <=0X'S>i>. 
[0071] Xrv7-SC2 5T(4. WimfnKWt*^<o 

CNTI N I (k)=CNTI NI (k- 1)+1 
XT-fTSC3 0-CJ±. Sffi?aKT(k) t=^V%T. 

BDB&SBSfc&iHaA 1 1 kmm&Efflm^&B 1 2 to 

tzm&rh x i zms&ztiT ia* cot. --?oraK®E 

t^^m^m^tmfrtt. man. m&%m 
^*rai iofa®aa*<2 5-c-r-s mw&m&*& 

Bl2Ol6mK**0\:'Cftofc^«: > T(k) Sj9f 
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&®EB£5I*KB l 2£W(tf &Jfctf>.x-5 i ->'7SC4 

■firl/tl^&OT* X-r-/7"SC5 0'vSi8tf. 
[00 7 2] X7 1 7rSC4 0-C1i. BBK«EJ£Sfr?N!& 

ai ijws-&utv^«^*<»5t, maw&et&B 
1 2Sr=OTHtrr&^te, UjJffl<t75^S-i k-f a. *: 

7*SB30Tfc&. jfcfc, iCTW»{t§<t&OT, 1J 
0O«fc&>£<DB«S!CNT I N I (k ) fc4BK79* r 

F1N1_B = 1, FSHU_B = 0. CNTINI(k) 
= 0 

^fy7SC5 Ot'li, SI!&1EEaiS¥SB 1 2#8-& 
trv^i&^firO-C, B3S&«EltS^aA 1 1 SrMWk 

4£>WHSCNTINI(k) klRjR79^FSHU_A5: 

FINI_A=1, FSHU_A=0. CNTINI(k) 
= 0 

#glW«S«E*«lR*L^*>S*»S-fd^r* (YES :JR 
NO :*JK#«*&£> . r-^OR5SS^ff* 

8S«EJi^*S<0«l«<i&!»tJKmLTV^e5{i. FSHU 
.A=1T, **OFSHU_B=l»*S£jtftT&Stf> 

miiMKWBSft&fiKA 1 1 „ B 1 2Mzmu\Ll,X\y 
SOf, JbGftffii*DIItfc-*&. 
[0073] Xf- •y7'SC7 0Ttt.. ^fc$flfc#«> 

fflaawiVo (k) krtas®ts2s®NAiBu(k) £ 
saw*. 

[0074] FSHU_A=lt, *^FSHU_B = 0 

V 0 (k>=V 0 _A(k) 

NAI BU(k) = NAIBU_A(k> 

FSHU_A=0T\ *^FSHU_B= lOWa-g-Ji. g3 

sssE«i#aB 1 2 fcassws. 

V 0 (k)=V 0 _B(k) 

N A I BU(k) = NAlBU_B(k) 

FSHU_A-0"C\ *«3FSHU_B=0W^li t S 



tv^v^ks^ffiUT. PK^jsaes#aAi i*s 

v\ 

V 0 (k)=V 0 _A(k) 

NAI BU(k) = NA I BU_A(k) 

XTryrscso-ctt. wml% ix*:X<m® l i ®m& 

»fsfi (ea*j*i 5x:) <o«^<±, Ba&£E#d£#&A 
l um&Lx^znx-xr-vyscs O'siitr. *co 

fl&OMfr*. B8K1EffliJe*aB 1 2#5S-£LTU£WT- 
Xf-77SC 1 OOAjffitf. 

[0075] Xf-vrSC 9 OT-Jiv BHKEBESfR 

ai ltajRU **»nmtEBraraiv'«. 

V 0 (k)=V 0 _A(k) 

NAI BU(k)=NA I BU_A(k) 

Xf-yrSC 1 0 OT'iis BBffimSfeS^aB 1 2&SS 

V 0 (k)=V 0 _B(k> 

NAI BU(k)=NAI BU_B(k) 

^f"/7sci l ow, IfffESSfci^WiSSS&^Ek 

>?7-sc9 0Sfe(4xf-yrsc i oo-CS!RU«:Vo 
(k) *^3E^SOC(k) ^Saj-TS. **5, 125 + 
<ov L iisoc=o%te, v H <±SOC= 1 o o%£n 

[ 0 0 7 6 ] **J, JbfE*>S®£fllTtt, *ti&\m& 

jgwau^r:^Bas8?BBts#aAi it? avb i 2 

S fctt* ^ v 7- s C 8 0 S ijffl* < «fc^Sr Ba»«EBt 
[00 7 7] <!SiSM4> 01 0tt s IISfitBj4* 

¥ai7«-^^fe^>T&*. r^jgwi, ^aora 

ft&m%>mtZ. ^eoiitb^ ^<kt>l"?02UE7 

LT-'^^-^^itS&teik^t* S*. >3:fe. 
'5rfflIiS;£-arf7 r n v 7 HJifrlSEI 2 k |3J»T*«. . 
[007810141*. *Draft#gU3C*lS-?-$fi!!W 
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CCTW, EJffiT A =T B &fc* SI 3fcSV^ 

Xl±. ra»1EBS6«#aA-l 1 Sr«^SA. H&«Bi 
£#&B 1 2 £St£SSB fcS^Lt ^5 . 
[00 7 93 XT , -/7 , SD10T > ti, B?iEIOtlJ»Hfc&>*> 
OBflSJCNT INI(k) <Z&-?\->XW8tt.0>£g&i 
Wfefi. o*0CNTI-NI(k) ^mS^K^itf 

i o#) wM&iemtvmixArvT-s 

D3 0-^3tttf. <-OfficO«^-{4X-7 : --y7*SD2 0-^vjfi 
tf. fcfc'U «Bffl<SCNTINI(0) =0T»&. 
[0 0 803 J*7 i <y7SD2 0-«*. fitHI<0*^Mt*»fe 

CNTI N I (k)=CNTI NI(k-l) + l 
^•f<y7*SD3 0t'«. fcJflHfctSBSS&SEESJg^JaS 
»E#77^F JUNTTO&T*. FJUN=0<0^i 
RJ8fcSJB8S£#8B 1 2 *«J8HW-SliI**<Z>T\ *r 
vrSD4 0^tf. F JUN=l<0^-&{±KK«JEEfll 

0--\3Itf. fctfU WmP JUN = 0ff-S. £©7 

[0 08l3^v7*SD4 0T(i. KKffiSt£#a 
B 1 2 £$OTfc-r*fctoeBo#flWfc:7 5^8- 1 1 1 & 

SB3 0T&S. iCT^awtsfiscorsiniio 

4^ffc*>£«I$igCNTINI(k) tJRm^^^FS 

FINI_B = 1. FSHU_B = 0 
CNTINI(k) = 0. FJUN^l 
XTyrSDSOTK. B8KraBte£#KAl lfcfctftB 
ef&*^CAw3QJKft7 7:? r S: 1 t-f £K!K?&J 

«wt«ia?&fi 1 3ott, t9eni i<o^f'->'rsA3o-r' 

OSJHCNTIN I(k) fclRS75^FSHU_A*7 

FIN1_A=1. FSHU_A=0 
CNTINI(k) = O s FJUN = 0 

FSHU_A=1T. <r3FSHU.B= 1 

A^fJEOSSTtt, BU!SSB£5g¥®A 1 1 . BBSS 
«£«£Sg¥KB 1 2tmitfJ)MtlT^?>(»X\ 

[0 0823 Xfy7SD7 0fli. WmtStUZttK 



LfcBH»«ffl»g*8<&»jai t ix. trnwasta. 

V 0 (k) fcrtSffifiiaSifilNAIBU(k) £2iifW- 
S. -fS:*^ FSHU_A=1"C, *r>FSHU_B = 

ooaaictt, mjst&ftgtAi its!**-*. 

V 0 (k)=V 0 _A(k) 

NAI BU(k)=NA I BU_A(k) 

FSHU A=0t, *>^FSHU.B~l«W8£fc:»±, 

B8S8iSEfcJg*KB 1 2Sr3aW£. 

V 0 (k)=V 0 _B(k) 

NAI BU(k) = NAI BU_B(k) 

FSHU.A=0**^FSHU_B = 0C0J&^«, SESiiJS 

(KftXtuSrVi. aSOJSS-Cttiai^BSSS 
SfflS5fe#&«Bl8rce*^l=3P t < . fcfcHftv vc v * 

t s#jsut. uss^Ejsjg^aA 1 1 s-siR-r 

V 0 (k) = V 0 _A(k> 
NAIBU(k) = NAI BU_A(k) 

fcJpIg-F S . F J U N = 0 <7)iS^-«i. BSK^EfflftS^S 
Al ljbqMRft&teAtt&O'C. Xfy7SD9 0^ 

jfitf. fjun=i *>*as&, mmtsEmzzm 1 2 
^aMbsfuya^o-r, xf->7SD 1 0 o^m 
tt. 

[00833 Xt-vT-SV 9 om H5K*Effl£5g*8 
Al l*aS«W&. 
V 0 (k) = V 0 _A(k) 
NAI BU(k)=NA I BU_A(k) 
X?-y7SD 1 0 OTli, ^&SJE»^#SB 1 2*58 

V 0 (k)=V 0 _B(k) 
NAIBU(k)=NAI BU_B(k) 
Xf-yTSDl 1 Otlis lijiea 5 t^gaS&SEi: 
^S^faraV'/rSr^V^. X-r-y7-SD7 0, 
-/7-SD9 OSfctt^.'T- "/7SD 1 0 0VmiLKV o 
(k) *»^3E«*SOC(k) Sr«lBf&. 05* 
(73V L ttSOC = 0%fc. V H {±SOC = 10 0%Cffl 

[00843 OTv l?*feM3 t^te«!l4«5^. JSOSS 

[0085] 01 5 (i s Jt^fcW^L*:5e&60i] 1 tC 

0(4> ^*T/Wfc0'Cfc2 5Xtf>/'«5.*-*£K<Sfc 

^-^SrO"C*^2 5 , Ct-aJ0#x.5t*&<OA'9^-^ 
IBlfelSmffc*. =6:43. 01 5-gH8fc*3V^T. 
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[0 0 86] 01 5ic^Lt^mmiv\t. o*cw< 
7X-^i^{i^5&t*crta5^a3i^®{±ox:<ojCfib: 

#,2 5 (015<O0> Ctt. 

m^itV^ (SI . *<r>t:tb2 5XX'\tm 

[0 087} -e^te»UTlli6fia|4-C<i. 01 6£Jjrf 

9p«-^^0x:#><b2 5x:fc«)'J#i.fe%& (01 6<o 

hisrymm^vci-h (0i 6<o©) , *<z>Jt«>2 

[00881 ifcte, !3fcM3 <9ffl3S»^vvc^9W- 
*. **s»ij3eJ3v^T(±. ^JftiSffics^v^^jS^ 

[0 089] 01 7M9BfeR|3<C*S»?«/<9.X-?niS 

WZ.*r IW*9* 0-C*»<?> 2 5Wzmm*.t&} 
[0090] pJI5Hi6W4-C{*> OWt-m® 

^Tt^S&^BtS^S^SrMWt (01 70(D) "f * 
COT', tJ^fci&W^EBRtetti. & £ . £ 

^-^BStfjfe*, rt&fi*8tt£<6<40'C*>*2 5'C 

wsiite^ftr* (0i 7wo . *nt&>7. 5"cc»4 
Mi. &Ktc£ W^7^-?ttl 



01 8l±ESI|T A Ii2 G3&T B (iOXIfc 

aHW-*i8te&JfcU 0X:i:2 5 , CO^5^-^S:a;M 
i: , i^Sa US' s yftXTSfk^TtW* 

^ISl5^*2r^r0T»*. 01 7C^LfcWflis « 
(017CO®) . m*=#LT018O0!rC«:. 0*CT 

-*WBi*»i/t. t*ifB^at^<at4ot;<osfflKaR 

-S^-|>. «ffi€:T>W9''?5.X--*£0r;a»<c> 
2 5'CC-f3 l )«4.fe«-& (018COCD) „ 2 5'Ct;-&jS 

{KZjS^CgatfS (01 8»©) . ^fttt2 5X: 
•CtSBBRSEtBEfifcKfifca^AHC-^rt-ai (018 

[ 0 0 9 2 1 38JE7 < tWMsL-C?! 

85=00^*4 

[0093] ISLCOt 3 fc. sas^sBE^^s* 1 

tsat^«at4B?ia<rc*&^, gjsst&ajiafcsss^sBEiaai 

[0 1 ] ^IHVMRKn 1 «*WMttfB6rn -y 
SL/20. 

[02 ] *«j»*MwittfcipTrm » ^ 0. 
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